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>\n  this  paper,  we  test  a  model  in  which  it  is  assumed  that  the  left  and  right 
cerebral  hemispheres  have  access  to  independent  supplies  of  resources,  which 
they  may  each  use  in  most  kinds  of  information  processing  situations.  Eight 
male  subjects  were  specifically  selected  for  having  demonstrated  a  strong 
right-hand  superiority  on  several  manual  tasks,  and  a  strong  RVF-LH  superiority 
for  processing  the  stimuli  we  would  be  using  as  a  verbal  memory  load  in  a 
dual-task  situation.  Their  performance  was  then  measured  on  the  memory  loadv 
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^task,  on  a  target  task  in  which  pairs  of  stimuli  were  presented  to  either 
visual  field  and  subjects  performed  physical  or  name  identity  judgments, 
and  in  a  situation  in  which  both  tasks  were  combined.  In  our  approach, 
right  and  left  visual  field  trials  of  the  target  task  combined  with  the 
verbal  memory  load  are  treated  as  two  different  dual-task  situations, 
comprising  cases  of  complete  vs.  no  overlap  in  demand  for  left  hemisphere 
resources,  respectively.  Subjects  were  paid  for  both  single  and  dual-task 
performance;  in  the  latter  case,  the  payoff  ratios  rewarded  them  more  for 
either  their  memory  or  target  task  accuracy.  Decrements  from  single-task 
performance  were  less  severe  on  both  tasks  when  subjects  were  performing 
physical  rather  than  name  matches,  and  importantly,  when  the  target  stimuli 
were  presented  to  the  LVF  rather  than  the  RVF.  Further,  subjects  were 
able  to  trade  performance  between  tasks  on  RVF\  trials,  indicating  that 
left  hemisphere  resources  were  demanded  and  being  used  for  both  tasks  on 
these  trials.  However,  on  LVF  trials,  there  were  no  performance  tradeoffs 
between  tasks  as  a  function  of  shifting  emphasis,  indicating  that  this 
was  indeed  a  case  of  no  overlap  in  demand.  •iT'he  data  support  the  idea  that 
the  resource  suppli.es  of  the  left  and  right  hemispheres  are  independent, 
and  have  implications  for  both  cerebral  specialization  and  divided  attention 
i ssues . K 
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An  increasing  number  of  investigators  have  seriously  questioned  the  view  that 
the  human  information  processing  system  has  access  to  a  single,  limited-capacity  pool 
of  resources  that  it  allocates  as  necessary  to  perform  under  particular  sets  of  subject 
and  task  parameters  This  idea  has  been  criticized  on  logical  grounds  (Friedman  & 
Poison,  1981,  Navon  &  Gopher,  1979  Wickens.  19801,  and  there  is  growing  evidence 
that  has  begun  to  render  it  empirically  indefensible  as  well  <Gopher,  Brickner.  &  Navon, 
m  press.  Gopher  &  North  1977  Navon  &  Gopher.  1980.  Poison  Friedman.  &  Gaskill. 
Note  1.  Wickens  1980.  Wickens  &  Kessel,  1980) 

Ironically  some  of  the  best  available  data  in  support  of  an  alternative  to  the 
single-capacity  approach--!  e  that  there  may  be  a  number  of  different  types  of 
resources- -comes  from  a  literature  that  is  typically  regarded  as  being  outside  the 
domain  of  divided  attention  issues  Vet.  implicit  in  well  over  a  century  of  research  in 
hemispheric  specialization  is  the  idea  that  the  two  cerebral  hemispheres  comprise 
separate  and  perhaps  indeoendent  information  processing  systems  Further,  in  the 
interest  of  testing  a  model  of  selective  activation  in  cerebral  specialization  (Kinsbourne. 
1970  1973i  many  studies  have  been  conducted  using  some  form  of  dual-task 

methodology  (eg  Hellige  &  Cox.  1976,  Hellige.  Cox,  &  Litvak.  1978.  Kinsbourne  & 
Cook.  1971.  Moscovitch  &  Klein.  1 980).  and  the  results  of  these  clearly  suggest  that 
there  must  be  more  than  one  type  of  resource  supply  For  example,  when  certain 
tasks  involving  stimulus  presentations  to  either  visual  field  or  hand  are  combined  with 
others  in  which  the  stimuli  are  at  least  nominally  available  to  both  hemispheres,  the 
demands  of  joint  performance  do  not  necessarily  produce  equal  decrements  for  the 
two  presentation  conditions  indeed  sometimes  one  type  of  visual  field  trial  produces 
performance  decrements  while  the  other  results  in  either  no  change  in  performance  or 
else  an  actual  increase  relative  to  single-task  baselines  (Hellige  &  Cox  1976  Hellige. 
Cox  &  Litvak.  1978  Kinsbourne  &  Cook  1971) 

Changes  from  single-task  performance  that  differ  as  a  function  of  visual  field 
are  difficult  to  reconcile  with  the  idea  that  identical  amounts  of  the  same  type  of 
resource  are  required  for  processing  on  RVF  and  LVF  trials  Indeed  Navon  and 
Gophers  prescribed  methodology  for  determining  whether  tasks  demand  resources  from 
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different  pools  involves  finding  just  such  differences  in  decrements  across  sets  of 
task  pairs  (eg,  A  with  B  vs  A  with  C)  A  cornerstone  of  their  argument,  however, 
entails  that  B  and  C  be  similarly  difficult  and  otnerwise  roughly  equivalent  in  terms  of 
subject  and  task  parameters,  and  this  is  a  difficult  assumption  to  satisfy  when  they 
are  actually  two  different  tasks  However  if  B  and  C  represent  the  same  task  and 
stimuli  presented  to  different  visual  fields  then  finding  that  they  produce  performance 
decrements  on  A  that  differ  is  compelling  evidence  that  each  type  of  visual  field  trial 
entails  different  resource  demands 

This  brings  us  to  another  point  As  Navon  and  Gopher  i1979)  point  out 
differences  in  performance  decrements  obtained  when  two  equally  difficult  tasks  are 
conjoined  with  a  third  may  only  be  marshalled  as  a  first  line  of  evidence  that  one 
pair  draws  on  a  common  resource  while  tne  other  does  not,  because  such  differential 
decrements  can  occur  if  concurrence  costs  for  the  two  combinations  differ  These 
costs  may  arise  when  resources  required  for  joint  performance  exceed  the  sum  of 
those  needed  for  each  task  alone,  perhaps  because  it  is  necessary  to  coordinate  the 
processes  involved  or  to  manage  a  joint  allocation  policy  Therefore,  to  obtain 

conclusive  evidence  that  tasks  make  demands  on  a  common  supply,  it  is  necessary  to 
induce  subjects  to  shift  their  attention  between  them  and  to  observe  that  when  they 
do  so  improved  performance  on  one  tasx  is  accompanied  by  performance  decrements 
on  the  other  For  example  if  AB  and  AC  produce  different  decrements  on  A  and 
performance  tradeoffs  are  observed  as  attention  is  shifted  between  A  and  B  and 
between  A  and  C,  then  all  three  tasks  must  require  resources  from  a  common  supply 
and  the  different  decrements  reflect  different  amounts  demanded  from  that  particular 
source  for  each  combination  In  contrast  if  AB  and  AC  both  produce  decrements  on 
A  but  only  AB  for  example  allows  performance  to  trade  between  test's,  then  A  and 
B  require  a  common  resource  but  A  and  C  do  not 

It  is  unfortunately  true  that  in  trying  to  distinguish  between  a  direct  access  and 
a  selective  activation  model  of  hemispheric  differences  none  of  the  the  cerebral 
specialization  experiments  that  have  used  dual-task  methodology  to  argue  where 
information  is  being  processed  have  taken  the  step  of  asking  subjects  to  shift 
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attention  between  tasks  Further  it  is  sometimes  difficult  to  tell,  in  this  literature, 
whether  the  absence  of  a  performance  decrement,  or  especially  the  presence  of  an 
increment  relative  to  a  single-task  baseline  is  due  to  the  fact  that  subjects  have  not 
been  induced  to  perform  at  the  maximum  levels  possible  in  either  the  single  or 
dual-task  situations  (eg  Hellige  &  Cox.  1976  Kinsbourne  &  Cook  1 97 11/ Footnote  II 
Nevertheless  the  bulk  of  the  evidence  is  enticingly  favorable  toward  the  idea  that  the 
hemispheres  have  independent  resource  supplies  and  it  led  us  to  propose  such  a 
model  as  botn  logically  preferable  to  the  single-capacity  point  of  view  and  more 
empirically  tractable  than  Navon  and  Gopher  s  general  multiple-resources  model  (see 
Friedman  &  Poison.  1981  and  Poison.  Friedman  &  Gaskill.  Note  II 

One  advantage  that  accrues  to  associating  types  of  resources  with  gross  brain 
anatomy  is  that  it  then  becomes  possible  to  use  the  cerebral  specialization  literature  as 
a  rough  guideline  in  choosing  tasks  for  which  there  is  some  a  priori  evidence  about 
the  nature  of  their  resource  demands  Further  the  literature  can  also  be  used  as  a 
guideline  for  determining  subject  populations  for  whom  certain  kinds  of  information 
processing  requirements  are  likely  to  make  different  demands  on  left  and  right 
hemisphere  supplies 

This  is  not  to  say  for  example  that  simply  choosing  to  have  right-handed 
individuals  perform  a  verbal  task  guarantees  that  left  hemisphere  resources  will  be 
more  heavily  demanded  (see  Poison,  Friedman  &  Gaskill.  Note  1)  Indeed,  from  looking 
at  the  available  data  (eg  Day.  1977  Moscovitch  19761.  as  well  as  from  our  own 
experience  in  screening  subjects  we  have  come  to  believe  that  efforts  to  dichotomize 
the  hemispheres  along  dimensions  of  either  the  stimuli  they  are  best  suited  for  or 
their  respective  processing  styles  are  largely  futile  Although  there  are  probably  a 
few  activities  that  require  a  hemisphere-specific  resource  (eg,  speech  production  or 
simple  motor  movements),  it  seems  clear  that  in  normal  individuals  both  hemispheres 
can  usually  do  some  or  all  of  the  processing  required  for  most  tasks  by  applying 
their  own  resources  to  whatever  processes  they  have  available  that  are  relevant  Any 
visual  field,  ear.  or  hand  advantage  observed  when  the  system  is  not  resource-limited 
(i  e  m  most  single-task  situations)  simply  reflects  the  relative  efficiency  of  applying 


different  types  of  resources  to  the  same  task  However  in  a  resource-limited 
dual-task  environment  the  relative  performance  of  the  hemispheres  can  change  as  a 
function  of  the  current  supply  and  demand  sitution  depending  on  whether  the  resource 
demands  of  the  conjoined  tasks  overlap  completely  partially  or  not  at  all 

In  a  previous  study  (Poison  Friedman  &  Gaskill,  Note  1)  we  compared  the 
complete  overlap  case  with  the  partial  overlap  case  Subjects  were  selected  who  had 
RVF-LH  performance  advantages  on  two  different  tasks  when  each  was  performed 
alone  The  first  involved  remembering  either  2,  3,  or  4  nonsense  words  (CVCVCsi. 
which,  because  of  our  screening  procedure,  was  a  task  we  knew  would  demand 
increasing  amounts  of  left  hemisphere  resources  from  our  particular  subjects  The 
second  task  involved  naming  nonsense  syllables  (CVCsi  presented  briefly  to  either  visual 
field  We  assumed  this  would  entail  two  major  processing  requirements  perceptual 
decoding  of  the  stimulus  display  into  some  sort  of  phonemic  representation  and  verbal 
output  For  reasons  we  discussed  elsewhere  (Friedman  &  Poison.  1981  Poison 
Friedman  &  Gaskill.  Note  1i  when  certain  subjects  show  a  RVF  advantage  on  a 
laterally -presented  naming  task  it  can  be  assumed  that  both  their  left  and  right 
hemispheres  are  able  to  perceptually  decode  the  verbal  stimuli  (although  the  left 
hemisphere  is  typically  more  efficient),  but  that  left  hemisphere  supplies  alone  are 
required  for  the  spoken  response  Therefore  when  the  naming  task  is  conjoined  with 
the  verbal  memory  load,  the  two  types  of  visual  field  trials  comprise  dual-task 
situations  that  differ  in  the  amount  of  left  hemisphere  resources  demanded  When  the 
CVC  is  presented  to  the  RVF-LH,  left  hemisphere  supplies  are  available  for  its 
perceptual  decoding,  as  well  as  for  its  verbal  output  and  whatever  processes  are 
involved  m  the  memory  load  task  This  is  therefore  a  case  of  complete  overlap  in 
demand  Conversely.  IVF-RH  naming  trials  are  a  case  of  only  partial  overlap  in  left 
hemisphere  demand,  because  although  left  hemisphere  supplies  are  still  required  for  the 
memory  task  and  the  verbal  output  portion  of  the  naming  task  right  hemisphere 
resources  can  be  used  to  perceptually  decode  the  CVC 

We  obtained  several  results  of  interest  in  the  present  context  Most  strikingly, 
although  subjects  maintained  a  consistent  RVF  advantage  on  the  naming  task  when  it 
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was  performed  alone,  the  effect  of  adding  the  memory  load  made  left  hemisphere 
resources  so  scarce  that  the  visual  field  advantage  actually  reversed  itself  When 
subjects  were  concurrently  remembering  either  3  or  4  nonsense  words,  naming 
performance  was  better  on  LVF  trials  than  on  RVF  trials  Similarly,  dual-task 
performance  on  the  memory  task  in  which  the  stimuli  were  nominally  available  to  both 
hemispheres  was  also  better  on  LVF  than  on  RVF  naming  trials 

These  results  mean  of  course  that  left  hemisphere  supplies  were  more  scarce 
in  the  complete  overlap  case  (RVF  trials!  than  in  the  partial  overlap  case  (LVF  trials) 

i 

Importantly  our  task  emphasis  instructions  were  successful,  so  that  memory 
performance  was  better  under  load  emphasis  instructions  at  the  expense  of 
performance  on  the  naming  task  and  vice  versa  And  equally  important,  these 
tradeoffs  in  performance  between  tasks  as  a  function  of  emphasis  were  obtained 
regardless  of  whether  the  target  stimulus  was  presented  to  the  RVF  or  to  the  LVF,  in 
fact  the  slopes  of  the  tradeoff  functions  were  virtually  identical  on  both  types  of 
trials  This  confirmed  that  there  was  some  demand  for  left  hemisphere  supplies  in 
both  cases 

There  are  several  issues  that  remain  to  be  clarified,  however,  as  well  as  a 

further  theoretical  prediction  that  needs  to  be  addressed  In  the  first  place,  both  of  { 

i 

the  tasks  in  our  previous  study  required  a  spoken  response,  so  it  is  necessary  to  ^ 

* 

eliminate  the  possiblity  that  the  dual-task  decrements  and  tradeoffs  between  tasks  j 

arose  through  the  operation  of  output  interference  We  would  like  to  provide  , 

additional  evidence  that  the  decrements  from  single-task  performance  we  observed  f 

were  primarily  a  function  of  resource  scarcity  in  the  left  hemisphere 

More  importantly  it  is  necessary  to  test  our  theoretical  prediction  regarding  the 
situation  in  which  the  demands  of  two  tasks  do  not  overlap,  in  order  to  provide 

converging  evidence  for  the  theory  in  general  and  for  our  assumption  that  the  j 

resource  supplies  are  independent  In  particular  it  might  be  argued  that  the  equivalent  j 

tradeoff  effects  we  found  when  comparing  the  complete  with  the  partial  overlap 
situation  might  be  evidence  for  some  sort  of  residual  commerce  between  the 
hemispheres  in  terms  of  borrowed  resources  Indeed  several  other  investigators  have 


recently  attempted  to  explain  hemispheric  differences  in  information  processing  as 
reflecting  some  form  of  limited- capacity  processing  within  two  semi-independent 
systems  leg..  Kinsbourne  &  Hicks  1978.  Moscovitch  &  Klein  1980)  While  tnese 
other  models  are  somewhat  limited  in  scope  insofar  as  they  do  not  attempt  to  place 
cerebral  specialization  into  a  broader  information  processing  context  the  possibility  that 
there  might  be  some  ability  to  share  resources  between  hemisDheres  certainly  warrants 
testing 

Having  only  compared  the  complete  and  partial  overlap  situation  in  our  previous 
study  it  was  not  possible  to  distinguish  between  some  notion  of  semi -independent 
resources  and  the  stronger  claim  that  the  supplies  of  the  two  hemispheres  are 
independent  Thus,  in  the  present  study  we  are  interested  in  comparing  the  complete 

overlap  case  with  the  no  overlap  case  We  combined  the  memory  load  task  we 

previously  used  with  a  target  task  that  involved  making  same-different  judgments  to 
pairs  of  nonsense  syllables  presented  simultaneously  to  either  visual  field  The 
judgments  were  made  on  the  basis  of  either  physical  or  name  identity  Since  subjects 
responded  bimanually  to  the  same-different  task  prior  to  recalling  the  memory  load 
words,  none  of  our  effects  should  be  due  to  output  interference  Furthermore  since 
the  same-different  task  does  not  have  a  verbal  output  component,  the  stimulus 
analyses  necessary  to  perform  these  judgments  are  likely  to  be  similar  to  those 
necessary  for  the  perceptual  decoding  aspects  of  the  naming  task  we  previously  used 
Thus,  whatf  /er  their  relative  efficiency,  the  resources  of  each  hemisphere  should  be 
completely  sufficient  for  performing  the  same-different  task 

This  being  the  case  in  the  present  dual-task  environment,  when  physical  or 
name  match  stimuli  are  presented  to  the  RN/f-lh.  both  the  memory  task  and  the 
identity  judgments  should  demand  left  hemisphere  resources,  resulting  in  a  situation  of 
complete  overlap  In  contrast  when  the  target  stimuli  are  presented  to  the  LVF-RH 
there  should  be  no  overlap  in  the  types  of  supplies  required  for  each  of  the  tasks 
Left  hemisphere  resources  should  still  be  needed  for  the  memory  task,  of  course  but 
right  hemisphere  supplies  could  in  this  case  be  used  for  the  identity  judgments  This 
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I 
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means  that  in  the  no  overlap  case  the  right  hemisphere  can  free  the  left  from  its 


obligation  to  process  the  target  task  stimuli 

There  are  two  sets  of  predictions  we  can  address  with  the  comparison 
between  RVF  and  LVF  dual-task  trials  and  they  pertain  to  absolute  decrements  from 
single-task  performance  and  the  extent  to  which  performance  can  trade  between  tasks 
First  the  independence  assumption  implies  that  there  should  be  decrements  from 
single-task  performance  for  both  tasks  on  RVF-LH  trials,  but  hardly  any  at  all  on 
LVF-RH  trials  Second  the  difference  between  complete  and  no  overlap  implies  that 
when  we  induce  subjects  to  shift  attention  between  tasks,  on  RVF-LH  trials  we  should 
see  memory  task  improvements  at  the  expense  of  target  task  performance  and  vice 
versa  On  LVF-RH  trials  however  we  should  not  see  such  mutual  tradeoffs,  since 
there  should  be  no  common  resources  demanded  INavon  &  Gopher.  19791  In  other 
words,  since  the  left  hemisphere  should  be  involved  in  the  memory  task  on  both 
types  of  visual  field  trials,  memory  performance  should  always  shift  as  a  function  of 
the  task  emphasis  instructions  making  left  hemisphere  resources  more  or  less  available 
for  target  task  processing  But  this  should  only  make  a  difference  to  target  task 
performance  when  the  stimuli  are  presented  to  the  RVF-LH  For  example,  under  load 
emphasis  instructions  left  hemisphere  resources  should  be  withdrawn  from  the  target 
task,  and  memory  performance  should  improve  (ie.  it  should  be  less  severely 
decremented  from  its  single-task  level)  In  addition,  there  should  be  a  concomitant 
decrease  in  target  task  performance  on  RVF-LH  trials  in  this  emphasis  condition  Yet 
we  should  not  see  a  concomitant  target  task  decrease  on  LVF-RH  trials,  because  the 
missmg  left  hemisphere  supplies  are  irrelevant  to  the  resource  requirements  of  the 
target  task  in  this  situation 

The  predictions  above  follow  straightforwardly  from  our  theory,  and  will  provide 
further  support  for  its  mam  assumption  regarding  the  independence  of  the  resource 
supplies  of  the  two  hemispheres  There  are  several  other  predictions  of  interest, 
however,  and  they  pertain  to  the  relative  amounts  of  resources  required  to  perform 
physical  and  name  identity  judgments 

For  any  given  level  of  resource  allocation  in  either  hemisphere,  it  is  likely  that 
physical  matches  are  performed  more  efficiently  than  name  matches  This  simply 
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means  that  when  subject-task  parameters  are  held  constant,  and  they  usually  are  then 
for  any  given  allotment  of  resources  the  usual  advantage  in  speed  and  accuracy  for 
physical  matches  will  be  obtained  This  implies  that  fewer  resources  would  be  needed 

for  physical  matches  to  achieve  a  level  of  performance  equivalent  to  that  of  name 
matches  and  in  the  present  study  we  changed  the  task  parameters  for  each  subject 
to  insure  that  this  would  be  so  Therefore  in  the  situation  where  resources  are 
scarce--ie.  on  dual-task  trials  when  the  same-dif ferent  stimuli  are  presented  to  the 
RVF-LH--the  decrements  from  single-task  performance  for  both  tasks  should  be 
greater  on  name  match  trials  than  on  physical  match  trials  In  contrast,  the  ngnt 
hemisphere  should  not  be  involved  in  the  memory  task  so  that  even  though  more 
resources  should  still  be  required  for  name  matches  than  for  physical  matches  there 
should  be  little,  if  any  decrement  from  single-task  target  performance  on  LVF-RH 
trials  for  either  type  of  match 


METHOD 

There  was  one  screening  session  one  practice  session  and  four  experimental 
sessions  and  each  took  between  70  and  90  minutes  to  complete  In  the  experimental 
sessions  we  measured  single  and  dual -task  performance  on  the  verbal  memory  load 
task  in  which  subjects  had  to  remember  three  nonsense  words  and  on  the 
same-different  judgment  task,  in  which  they  judged  whether  pairs  of  nonsense 
syllables  presented  simultaneously  to  either  visual  field  were  identical  on  the  basis  of 
either  their  physical  characteristics  or  their  names  Subjects  were  paid  for  accuracy 
on  both  single  and  dual -task  trials  on  the  latter  the  memory  task  was  combined  with 
the  same-different  task,  and  the  payoff  ratios  rewarded  them  more  for  either  their 
memory  performance  or  their  same-different  task  performance 

Design  and  Stimuli 

AH  experimental  conditions  were  run  each  day  and  thus  replicated  four  times 
across  days  for  each  subject  There  were  9  blocks  of  trials  per  day  and  the  first 

of  these  always  consisted  of  16  trials  of  the  memory  load  task  performed  by  itself 

Each  half  of  the  remaining  8  blocks  consisted  of  either  physical  or  name 
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identity  trials  Within  each  level  (physical  or  name1  there  were  always  two  blocks  of 
single  task  identity  matches  and  two  blocks  of  dual-task  trials,  on  which  the  memory 
and  same-different  tasks  were  conjoined  For  each  type  of  match,  one  dual-task 
block  was  run  under  load  emphasis  instructions  and  the  other  was  run  under  target 
emphasis  instructions 

The  single  and  dual -task  blocks  were  always  alternated  beginning  with  a 
single-task  block  Each  single -task  block  was  therefore  the  control  for  the  dual-task 
block  which  followeo  it  Note  that  if  there  are  within-day  practice  effects,  the 
arrangement  of  the  blocks  in  this  sequence  biases  against  the  possibility  of  finding 
dual-task  performance  decrements  Both  types  of  blocks  consisted  of  40  trials,  on 
which  20  of  the  target  task  stimuli  were  presented  to  each  visual  field,  with  no  more 
than  3  trials  in  a  row  presented  to  the  same  visual  field  Half  the  target  task  stimuli 
presented  to  each  visual  field  required  a  same  response  and  half  required  a  different 
response  with  no  more  than  4  of  each  type  in  a  row  This  means  that  across  the 
four  days  of  testing,  there  were  4  yOKed  pairs  of  blocks  for  each  type  of  match 
and  task  emphasis  condition  yielding  160  trials  per  condition  BO  for  each  visual  field 

Four  subjects  began  their  first  experimental  session  with  physical  identity 
matches  and  four  began  with  name  identity  matches  Thereafter  subjects  began  each 
day  with  the  opposite  type  of  match  and  continued  alternating  for  the  4  sessions 
Within  a  session  the  task  emphasis  order  remained  constant  for  each  type  of  match, 
so  that  for  example  if  the  first  physical  match  dual- task  block  required  emphasizing 
the  target  task  so  did  the  first  name  match  dual- task  block  on  that  day  The  second 
time  that  subject  began  a  day  with  physical  matches  the  first  dual-task  block  would 
then  require  emphasizing  the  memory  task 

Two  of  the  subjects  who  began  with  either  physical  or  name  matches  began 
with  a  target  emphasis  block  and  the  remaining  two  began  with  a  memory  task 
emphasis  block  Thus  each  subject  began  two  days  with  physical  matches  and  two 
days  with  name  matches  and  one  o*  each  of  these  days  had  a  target  emphasis-load 
emphasis  order  while  the  other  had  a  load-target  order  The  sequences  for  the  type 
of  match  and  emphasis  orders  were  counterbalanced  across  subjects 
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The  stimulus  materials  were  also  counterbalanced  across  conditions  for  each 
subject  as  well  as  across  subjects  For  the  memory  load  task,  a  pool  of 
two-syllable  nonsense  words  iCVCVCs'  was  created  using  a  computer  program  and 
screened  for  pronounceability  and  any  obvious  associations  From  this  pool  1064 
words  were  selected  60  were  used  m  the  CVCVC  screening  procedure  described 
below  and  during  the  experimental  sessions  144  unique  CVCVCs  were  used  during 
the  single-task  blocks  and  960  others  were  each  used  twice  during  the  dual-task 
blocks  A  particular  CVCVC  was  seen  once  during  a  physical  match  block  ana  once 
during  the  corresponding  (in  terms  of  target  task  stimulii  name  match  block  Both 
blocks  were  run  under  the  same  task  empnasis  condition  but  never  on  the  same  day 
We  used  nonsense  words  to  minimize  the  possibility  that  subjects  could 
associate  the  words  within  each  memory  set  to  each  other  and  refrained  from 
showing  them  more  than  twice  within  the  experiment  in  order  to  minimize  familiarity 
with  the  stimuli  Both  measures  were  taken  to  assure  that  the  effective  memory  load 
level  would  remain  as  constant  as  possible  on  each  trial  across  conditions  and  days 
For  the  same-different  task  48C  different  one-syllable  nonsense  words  were 
drawn  from  a  list  of  rated  nonsense  words  (Noble  196li  Of  these.  160  were  used 
for  same  trials  and  320  CVCs  were  used  for  different  trials  half  the  CVCs  for  each 
type  of  trial  were  presented  to  each  visual  field  An  additional  60  CVCs  were 
selected  for  use  in  the  screening  procedure  described  below 

We  made  up  8  blocks  of  40  trials  each  for  physical  matches,  and  8  blocks 
for  name  matches  that  were  identical  exceDt  for  the  typefont  of  the  stimuli  on  each 
trial  We  selected  stimuli  in  sextuplets  such  that  the  six  CVCs  required  for  each 
group  of  4  Visual  Field  X  Same  Different  trials  within  a  block  had  nearly  identical 
association  values  Thus  the  stimuli  were  equated  withm  a  block  for  the  mean 
association  value  in  each  Visual  Field  X  Same  Different  condition  they  were  also 
equated  reasonably  well  across  blocks  The  mean  association  values  across  blocks 
ranged  from  48  3  to  53  3  for  RVF-Same  trials  from  46  4  to  53  4  for  RVF-Different 
trials  48  7  to  53  1  for  LVF-Same  trials  and  47  0  to  53  7  for  LVF-Dif ferent  trials 
Each  block  of  stimuli  was  seen  four  times  by  every  subject  but  never  more 
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than  once  on  the  same  day  Tne  stimuli  were  each  used  once  for  single-task 
physical  and  name  matches  and  once  for  dual -task  physical  and  name  matches,  the 
latter  under  only  one  of  the  two  task  emphasis  conditions 

The  memory  and  target  task  stimuli  were  drawn  on  microfilm  with  white  letters 
on  a  black  background  using  computer  graphics  routines  The  three  CVCVCs  were 
centered  horizontally  on  the  slide  one  above  the  other  When  projected,  their  width 
was  6  5  cm  and  their  height  (for  all  three)  was  4  7  cm  (3  4  by  2  4  degreesl.  When 
these  stimuli  were  used  singly  in  the  screening  procedure,  they  were  printed  vertically 
and  centered  about  3  degrees  to  either  the  right  or  the  left  of  fixation,  and 
measured  9  5  x  1  0  cm  (5  by  0  5  degrees.' 

The  target  task  stimuli  were  printed  in  pairs  vertically  on  the  slide,  and  were 
centered  approximately  3  degrees  to  the  left  or  right  of  fixation  Each  pair  measured 
2  5  cm  wide  X  4  7  cm  high  when  projected  (13  by  2  4  degrees).  For  physical 
match  stimuli,  half  the  pairs  presented  for  each  type  of  visual  field  and  same-different 
trial  were  printed  in  upper  case  letters  and  half  were  printed  in  lower  case  letters 
For  name  match  stimuli,  one  C VC  in  each  pair  was  in  upper  case  letters  and  the 
other  was  in  lew er  case  letters  On  half  of  each  type  of  visual  field  and 
sameidif ferent  trial,  the  upper  case  CVC  was  leftmost,  and  on  the  other  half  it  was 
rightmost 

Emphasis  Manipulation 

In  order  to  induce  subjects  to  vary  the  amount  of  resources  allocated  to  each 
task  in  the  dual-task  blocks  and  to  insure  they  were  performing  at  maximum  levels 
during  the  single-task  blocks  we  paid  them  on  the  basis  of  their  trial— by —trial 
performance  during  the  experimental  sessions  On  smgle-task  memory  load  trials, 
subjects  were  paid  6C  for  each  trial  on  which  they  correctly  recalled  all  three  words 
in  the  set  disregarding  order  of  recall  On  single-task  physical  or  name  match  trials, 
they  were  paid  6C  for  each  correct  judgment 

On  the  dual -task  trials  payment  was  divided  between  tasks  in  two  proportions, 
but  the  same  criteria  for  getting  paid  on  each  task  were  used  In  the  target 
emphasis  condition  subjects  were  paid  5C  for  each  correct  same -different  judgment 


and  1C  for  each  set  of  three  load  words  recalled  In  the  load  empnasis  condition 
the  reverse  contingency  was  in  effect  The  subjects  earned  an  average  of  S57  in  the 
experiment 

Apparatus 

During  the  target  task  the  load  task  and  the  visual  field  tasks  used  in  the 
screening  procedure  the  subject  sat  with  his  head  resting  in  a  chmrest  equipped  with 
both  forehead  and  lateral  stops  that  prevented  head  movements  The  subjects  eyes 
were  110  cm  away  from  a  rear  projection  screen,  and  in  front  of  him  were  two 
wooden  boards  each  equipped  with  a  metal  palm  plate,  two  metal  finger  plates  (for 
the  index  and  middle  fingers  of  each  hand;  and  two  strips  of  wood  1  8  cm  high 
between  the  finger  plates  The  subject  rested  his  fingers  on  the  wooden  strips 
between  trials  and  touched  the  finger  plates  in  order  to  respond 

The  stimuli  were  shown  using  three  Kodak  Carousel  projectors  equipped  with 
Gerbrands  shutters  The  projectors  were  mounted  on  a  stand  outside  the  expenmenta1 
room  and  their  images  were  each  displayed  through  two  half-silvered  mirrors  and  a 
glass  window  onto  the  rear  projection  screen  The  projectors,  shutters,  response 
plates  auditory  ready  signal  timing  intervals  etc.  were  all  controlled  by  a  Digital 
Equipment  Corporation  MINC 1  1  computer  also  located  outside  the  experimental  room 
The  experimenter  sat  at  a  terminal  in  the  room  with  the  subject,  initiated  all  trials  and 
entered  the  recall  data 

Subjects  and  General  Procedures 

Subjects  Screening  Subjects  selected  for  the  experiment  were  solicted  from 
the  Department  of  Psychology  s  undergraduate  subject  pool  at  the  University  of 
Alberta,  and  from  among  the  male  graduate  students  in  the  department  We  screened 
30  men  who  were  among  89  right-handed  men  who  had  volunteered  to  participate 
for  payment  Unlike  Poison,  et  al  (Note  II.  all  s.Ljects  completed  the  entire  screening 
procedure,  rather  than  being  eliminated  at  each  stage,  as  we  were  interested  in 
collecting  normative  data  regarding  degrees  of  'lateralization  Six  undergraduate  and 
two  graduate  students  who  met  all  of  our  selection  criteria  participated  in  the 
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remainder  of  the  experiment  All  were  right-handed,  used  a  nomnverted  writing 
posture  (Levy  and  P~<d  1976  19781.  had  no  first-degree  left-handed  relatives 

(Hardyck  &  Petrinovich  1977i  had  either  normal  or  corrected-to-normal  vision,  and 
spoke  English  as  their  native  language 

When  a  subject  arrived  in  the  lab,  he  was  asked  to  sign  an  informed  consent 
form  and  to  copy  a  short  phrase  at  the  bottom  of  the  form,  at  which  point  the 
experimenter  confirmed  that  he  was  right-handed  and  used  a  nomnverted  posture  The 

subject  was  then  seated  a  computer  terminal  and  asked  to  answer  15  items  from  a 

version  of  a  behaviorally-validated  handedness  questionnaire  IRaczowski  Kalat,  &  Nebes 
1974)  The  questions  were  displayed  one  at  a  time  on  the  screen,  and  asked  about 
preference  for  performing  certain  manual  tasks  The  response  choices  were  right, 
left,  or  both  hands  preferred,  which  were  scored  +1.  -1  or  0  respectively  Thus  a 

score  of  15  represented  a  right-hand  preference  for  all  tasks  our  selection  cutoff 

was  a  score  of  13  Of  the  30  subjects  the  scores  ranged  from  10  to  15  with  a 
mean  of  13  8  The  mean  for  the  8  subjects  who  participated  in  the  experiment  was 
14  4  After  the  subjects  filled  out  the  questionnaire  they  indicated  the  hand  used  to 
write  by  all  first-degree  relatives 

The  subjects  next  performed  a  series  of  four  manual  tasks,  each  of  which  was 
performed  twice  with  each  hand,  starting  with  the  preferred  hand  and  then  alternating 
(Thomas  &  Campos,  1978)  For  each  task,  the  subject  was  scored  a  +1  or  -1  for  a 
right  or  left  hand  starting  preference,  and  an  additional  +1  or  -1  depending  on  which 
hand  performed  better  (taken  as  the  average  performance  on  both  trials)  If  neither 
hand  was  better  for  a  particular  task  the  performance  score  was  zero  so  that  8 
points  was  the  maximum  right-handed  score  Of  the  30  subjects  the  scores  ranged 
from  4  to  8,  with  a  median  of  75  Our  selection  criterion  was  that  the  men 
receive  at  least  6  out  of  the  8  points 

Of  the  30  subjects  tested  25  or  83  3  percent  met  the  combined  criteria  for 
the  questionnaire  and  handedness  tasks  Nevertheless  all  subjects  next  received  10 
practice  and  then  50  experimental  trials  of  the  single-task  version  of  the  CVCVC 
memory  load  task  in  which  a  single,  vertically-printed  CVCVC  was  briefly  presented  to 
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either  visual  field  and  named  There  were  two  different  sets  of  slides  used  for  this 
task  which  differed  only  according  to  the  visual  field  that  each  particular  stimulus  was 
presented  to  Half  the  subjects  saw  a  particular  CVCVC  in  the  RVF  and  the  other 
half  in  the  LVF 

The  subject  first  read  all  60  CVC'v'Cs  aloud  from  a  list  After  the  task  was 
described,  the  experimenter  initiated  each  trial  1  sec  after  a  warning  tone  a  fixation 
point  appeared  in  the  center  of  the  screen  for  2  sec  followed  by  a  130  msec 
exposure  of  the  nonsense  word  3  degrees  to  either  the  left  or  right  The  subject 
named  the  word  if  he  could  and  the  experimenter  recorded  whether  he  was  correct 
or  wrong 

m  the  group -of  25  subjects  whc  met  our  questionnaire  and  manual  task 
criteria  i  1  also  met  our  cnteoon  of  having  at  least  an  8%  RVF-LH  advantage  Thus, 
only  36  7%  of  the  original  subjects  passed  all  three  of  the  selection  criteria  One 
was  iater  eliminated  because  he  was  using  the  drug  Ritalm  and  complained  of 
attentionai  difficulties  one  because  we  later  found  out  his  father  was  left-handed  and 
one  could  not  participate  further  due  to  personal  time  constraints  leaving  us  with  8 
subjects  The  mean  percent  correct  on  the  CVCVC  naming  task  for  these  8  subjects 
was  50%  and  32%  for  RVF  and  LVF  trials  respectively  F\  1.7*  -  43  62  MSe  - 
29  7  1  and  the  RVF  advantage  in  accuracy  for  these  men  ranged  between  8%  and 
28%  Interestingly  for  the  other  14  subjects  who  passed  the  questionnaire  and  motor 
task  criteria  but  not  the  visual  field  task  criterion  the  mean  percent  correct  for  RVF 
and  LVF  trials  was  39  1%  and  45  7%.  respectively,  due  to  6  subjects  who  actually  had 
a  left  visual  field  superiority  that  ranged  between  4%  and  32% 

These  data  underscore  the  ubiquitous  individual  differences  to  be  found  in 
degree  of  lateralization  even  among  a  group  whose  self-reports  and  motor 
performance  would  conventionally  place  them  in  a  homogenous  left  hemisphere 
language  dominant'  population  The  data  also  point  out  the  importance  of  screening 
subjects,  insofar  as  possiole  for  their  performance  on  the  tasks  to  be  combined  in  a 
dual -task  situation,  in  order  to  be  able  to  state  with  some  assurance  what  the 
hemispheric  resource  requirements  of  those  tasks  are  for  the  particular  subjects  at 
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hand 

After  the  CVCVC-  naming  task  all  subjects  participated  m  a  parameter  estimation 
procedure,  described  below,  and  then  spent  20  minutes  completing  Form  BB  of  the 
Minnesota  Paper  Form  Board  Test  The  latter  was  not  used  as  a  basis  for  subject 
selection,  for  purposes  of  interest  the  scores  for  our  8  experimental  subjects  ranged 
between  4  1  and  61  lout  of  64  with  a  mean  of  50  6  The  subjects  were  paid 
S5  00  for  this  initial  screening  session  were  told  in  a  debriefing  that  we  were  testing 
various  things  about  handedness  and  were  informed  that  they  would  be  contacted  by 
phone  regarding  further  participation 

Exposure  durations  for  the  same -different  task.  As  noted  in  the  introduction, 
for  any  given  level  of  resource  allocation  physical  matches  are  likely  to  be  performed 
more  efficiently  than  name  matches,  leading  to  the  usual  performance  advantage  in 
both  speed  and  accuracy  Thus,  to  produce  the  same  level  of  accuracy  for  both 
types  of  matches  fewer  resources  should  be  needed  for  physical  matches  than  for 
name  matches  To  insure  that  this  would  be  so  it  was  therefore  necessary  to  equate 
performance  levels  across  both  types  of  matches  in  the  single-task  condition 

Accordingly,  all  subjects  were  run  through  a  psychophysical  parameter  estimation 
procedure  (PEST.  Findlay  1978.  Taylor  &  Creelman,  1967)  to  find  separate  exposure 

durations  for  the  two  types  of  matches  that  would  yield  70%  correct  performance 

for  both  levels  The  procedure  used  was  identical  to  that  described  for  the 
single-task  target  trials  below,  and  the  duration  for  physical  matches  was  always 
determined  first  Each  subject  was  run  in  the  mam  experiment  using  these  individually 
determined  durations  For  the  8  selected  subjects  durations  for  physical  matches 
ranged  from  7  to  94  msec  with  a  mean  of  46  8  msec,  and  durations  for  name 
matches  ranged  from  49  to  188  msec  with  a  mean  of  1313  msec 

Practice  and  experimental  sessions.  Subjects  were  run  for  a  practice  session 
and  4  experimental  sessions  during  the  course  of  5  consecutive  days  They 
performed  9  blocks  of  trials  each  day.  beginning  with  one  block  of  single-task 
memory  load  trials,  followed  by  4  blocks  of  single  and  dual-task  trials  for  one  type 

of  same -different  match  and  4  more  single  and  dual-task  blocks  for  the  other  type 


of  match  in  the  sequences  described  above  The  sequence  of  conditions  and  stimuli 

used  m  the  practice  session  was  the  same  as  that  used  during  the  fourth  experimental 
session  Each  session  lasted  about  90  minutes 

The  practice  session  was  used  primarily  to  familiarize  subjects  with  the  tasks 
and  procedures  and  to  stablize  their  performance  They  were  paid  a  flat  rate  of 
S5  00  and  were  not  told  how  to  divide  tneir  attention  during  the  dual -task  blocks 
However  the  method  of  payment  during  the  remaining  sessions  was  described  in  some 
detail,  and  subjects  were  given  feedback  after  each  practice  block  concerning  how 
well  they  were  doing  on  each  task  During  the  experimental  sessions,  of  course 
subjects  were  paid  for  their  trial —by —trial  performance 

On  the  single-task  memory  load  trials  the  experimenter  pushed  a  button  at  his 
terminal  which  caused  a  warning  tone  to  sound  that  was  followed  500  msec  later  by 
the  appearance  of  the  three  CVCVCs  These  remained  on  for  2.500  msec,  and  the 
subject  pronounced  them  aloud  There  was  a  3,000  msec  pause  after  the  nonsense 
words  disappeared,  followed  by  a  second  tone  which  was  a  signal  to  begin  recall 
The  experimenter  entered  the  number  correct  and  began  the  next  trial 

On  single-task  physical  and  name  identity  trials,  the  experimenter  sounded  a 
warning  tone,  which  was  followed  500  msec  later  by  a  fixation  point  at  the  center 
of  the  screen  The  fixation  point  remained  on  for  1,000  msec,  and  then  the  target 
task  stimulus  was  presented  to  either  the  left  or  right  for  the  predetermined 
exposure  duration  The  subject  responded  with  both  hands  simultaneously,  index 
fingers  were  used  for  same  responses  and  middle  fingers  for  different  responses 

On  the  dual -task  trials,  the  warning  tone  was  followed  500  msec  later  by  the 
appearance  of  the  three  CVCVCs,  which  remained  on  the  screen  for  2,500  msec  as 
before  The  subject  read  them  aloud  during  this  time  The  nonsense  words  were 
replaced  by  a  fixation  DOint  for  1.000  msec  and  then  the  same -different  task 
stimulus  appeared  to  either  the  right  or  left  The  subject  responded  by  touching 
either  his  index  or  middle  fingers  to  the  touchplates  and  500  msec  later  a  tone 
sounded,  which  was  his  signal  to  recall  the  memory  load  words  After  he  did  so 
the  experimenter  entered  the  number  of  words  correctly  recalled  and  proceeded  to 
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the  next  trial 

Subjects  received  feedback  after  each  of  the  9  blocks  concerning  their 
earnings  On  dual-task  blocks  they  received  feedback  separately  for  each  task,  so 
they  could  determine  how  effectively  they  were  dividing  their  attention 

RESULTS  AND  DISCUSSION 

The  target  task  data  were  scored  by  dividing  the  number  of  correct 
same-different  responses  bv  the  total  numbe’-  of  trials  presented  in  each  visual  field, 
type  of  match  and  task  emphasis  condition  on  each  day  and  expressing  the  results 
as  percents  The  memory  task  data  were  also  scored  separately  for  each  of  these 
conditions  as  the  total  number  of  words  recalled  divided  by  the  total  number  of 
words  presented  transformed  to  percent  correct  scores 

We  will  discuss  three  basic  analyses  Tne  first  involves  single-task  performance 
on  both  the  memory  and  same -different  task  and  serves  as  a  baseline  against  which 
to  compare  dual-task  performance  “rhe  second  set  of  analyses  looks  at  the  absolute 
level  of  performance  in  the  dual-task  conditions  for  each  of  our  major  variables  of 
interest 

The  third  set  is  of  primary  interest  in  terms  of  our  theoretical  predictions  as 
it  is  where  the  dual -task  data  are  analyzed  as  percent  decrements  from  their 
single-task  controls  For  the  target  task  data  dual-task  percent  correct  scores  for 
each  visual  field  were  subtracted  from  the  relevant  yoked  single-task  control  block 
This  entailed,  of  course,  two  different  single-task  constants  in  each  case--one  each 
for  the  right  and  left  visual  fields  For  the  memory  data,  dual-task  percent  correct 
scores  for  each  type  of  match  task  emphasis  and  visual  field  trial  were  subtracted 
from  the  same  single-task  percent  correct  score  for  each  day 

Single -Task  Performance 

The  memory  task  data  were  analyzed  in  a  repeated  measures  analysis  of 
variance  in  which  Days  was  the  only  factor  Subjects  recalled  65  4%  of  the 
nonsense  words  on  Day  1  and  progressed  to  79  7%  by  Day  4.  f(3.21l  =  3  70.  MSe 
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The  target  task  data  were  analyzed  m  a  Type  of  Match  (physical  or  name'  X 
Visual  Field  (right  or  left'  X  Day  (1-41  X  Task  Emphasis  Hoad  or  target'  repeated 
measures  ANOVA  the  task  emphasis  factor  reflects  the  dual-task  block  to  which  each 
single-task  block  served  as  a  control  Once  again,  only  the  main  effect  of  days  was 
reliable  6(3.2  li  =  6  79  MSe  -  67  29  anc  reflected  the  fact  that  overall  accuracy  on 
the  same-different  task  improved  from  76  5%  to  82  5%  across  the  four  days  of 
testing 

It  is  not  surprising  of  course  that  there  was  no  effect  of  type  of  match  on 
single-task  accuracy  since  we  ran  subjects  a'  «*pc.>ur“  durations  that  had  been  set  to 
produce  equal  levels  of  performance  for  both  r  ivsicai  arid  name  matches  ithe  means 
for  physical  and  name  matches  were  79  3:  ana  /  o  9%  respectively!  Similarly  the 
visual  field  effect  was  not  reliable  (80  30  vs  77  9“:  for  RVF-LH  and  LVF-RH  trials 
respectively)  nor  was  the  Visual  Field  X  Type  of  Match  interaction  This  is  evidence 
that  both  hemispheres  are  equally  capable  of  performing  the  two  types  of  matches 
using  whatever  processes  and  mechanisms  are  at  their  disposal  whenever  resources 
are  not  in  short  supply 

Dual -Task  Performance 

The  dual-task  data  were  analyzed  in  separate  Type  of  Match  X  Task  Emphasis 
X  Visual  Field  X  Days  repeated  measures  ANOVAS  and  in  a  combined  analysis  in 
which  Task  was  also  a  factor  The  mam  purpose  of  the  individual  analyses  was  to 
determine  whether  there  were  effects  of  visual  field  and  type  of  match  and  the  mam 
purpose  of  the  combined  analysis  was  to  determine  whether  there  was  a  Task  X 
Emphasis  interaction  since  our  predictions  regarding  differential  performance  decrements 
and  tradeoffs  as  a  function  of  visual  field  pertain  to  the  difference  score  analyses 
below 

There  was  no  reliable  effect  of  type  of  match  in  the  target  task  data  (78  3% 
vs  75  8%  for  physical  and  name  matches  respectively)  but  there  was  a  reliable  effect 
in  the  analysis  of  the  memory  data.  f<1  7i  =  7  92.  MSe  -  53  71  and  in  the  combined 
analysis.  FT  1.7)  =  5  84  MSe  -  14143  Performance  on  the  memory  task  was  worse 
when  the  subjects  were  concurrently  performing  name  matches  (66  5%l  than  when  they 
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were  performing  physical  matches  (69  1%)  This  supports  the  idea  that  when 
performance  on  the  two  types  of  matches  is  equated,  name  matches  demand  more 
resources  than  physical  matches  which  can  be  revealed  by  finding  differences  in  the 
performance  of  a  concurrent  task  as  a  function  of  the  type  of  match  involved 

Similarly  there  was  also  no  effect  of  visual  field  on  absolute  levels  of 
accuracy  in  the  same-different  task  i77  8%  vs  76  3%  for  RVF-LH  and  lVF~RH  trials, 
respectively)  but  the  visual  field  to  which  the  target  task  stimulus  was  presented  did 
affect  subjects  ability  to  remember  the  nonsense  words  in  the  memory  task,  ft  1.7)  = 

6  72  MSe  =  101  CO  Recall  accuracy  was  66  2%  on  RVF-LH  trials  and  69  4%  on 

LVF-RH  trials  This  is  in  accord  with  the  idea  that  since  the  left  hemisphere  took 

primary  responsibility  for  the  memory  task  when  the  right  hemisphere  could  process 
the  target  task  stimuli  memory  performance  could  improve 

in  addition  to  the  effects  above  there  was  a  main  effect  of  the  task  emphasis 
instructions  that  was  reliable  for  the  target  task  Fit  7i  =  7  37  MSe  -  57  71  and 
that  approached  reliatnlity  for  the  memory  task  F{  1  7i  =  4  46.  MSe  -  75  29.  p  <  08, 
which  produced  a  reliable  Task  X  Emphasis  interaction  in  the  combined  analysis.  f(1.7i 
=  8  11  MSe  -  93  57  As  subjects  switched  their  attention  from  the  same -different 
task  to  the  memory  task  same-different  accuracy  decreased  from  78  3%  to  75  7%, 
while  memory  performance  increased  from  66  7%  to  69  0%  Thus  there  were 
tradeoffs  between  tasks  as  a  function  of  the  emphasis  condition  but  as  will  be  seen 
m  the  difference  score  analyses  the  emphasis  instructions  produced  decrements  from 
single-task  performance  and  tradeoffs  between  tasks  that  differed  as  a  function  of 
visual  field 

Less  interesting  than  the  effects  above  are  those  due  to  practice  and  its 
interaction  with  some  of  the  other  factors  The  mam  effect  of  Days  was  reliable  for 
the  memory  task  f(3.21i  =  32  28  MSe  =  10619  and  for  the  combined  analysis. 

Fi3  21>  -  33  36  MSe  -  78  67  as  were  the  interactions  of  Day  and  Task,  FI3.21I  = 
799  MSe  =  126  10  and  Day  Level,  and  Visual  Field  in  the  combined  analysis,  f(3,21) 
=  3  83  MSe  =  3129 

Basically,  the  Task  X  Day  interaction  showed  that  practice  affected  memory 


jTff  1  •  iir'g  i 


...» _ _ _  mmmrnmm 


performance  more  than  it  did  performance  on  the  target  task  Across  days,  recall 
accuracy  improved  from  58  9%  to  76  3%  while  target  task  accuracy  improved  from 
74  6%  to  789%  The  triple  interaction  showed  that  practice  improved  performance  on 
RVF  trials  more  than  LVF  trials  and  this  improvement  was  somewhat  larger  for  name 
matches  than  for  physical  matches  Across  days,  performance  improved  by  10  7%  and 
14  0%  when  physical  and  name  match  stimuli,  respectively,  were  presented  to  the 
RVF-LH.  and  by  8  7%  vs  10  1%  when  they  were  presented  to  the  LVF-RH 
Therefore,  practice  affected  the  complete  overlap  conditions  more  than  the  no  overlap 
conditions,  and  more  so  for  the  target  task  situation  in  which  resources  were  most 
scarce  (i.e.  during  name  match  tnalsi  This  may  reflect  the  fact  that  subjects  were 
learning  how  to  divide  left  hemisphere  resources  between  tasks  more  efficiently  as  a 
function  of  practice  (see  Bnckner  &  Gopher  Note  2i 

Single-to-Dual-Task  Decrements 

The  most  important  analyses  from  the  point  of  view  of  our  theoretical 
predictions,  are  those  that  examine  the  performance  decrements  in  the  dual-task 
situation  relative  to  the  single-task  baselines  Accordingly  the  percent  decrement 
scores  were  analyzed  in  separate  Type  of  Match  X  Task  Emphasis  X  Visual  Field  X 
Days  repeated  measures  ANOVAs.  and  in  a  combined  analysis  in  which  Task  was  also 
a  factor 

The  main  effect  of  type  of  match  was  reliable  for  both  tasks  f(1,7i  =  9  54 
MSe  =  29  86  for  the  same-different  task  fi1,7>  =  7  90  MSe  =  53  86  for  the 
memory  task  and  Ft  1  7i  =  17  67  MSe  =  39  79  for  the  combined  analysis  As 
expected  physical  matches  required  fewer  res0urces  than  name  matches  and  thus 
produced  dual-task  decrements  that  were  less  severe  The  mean  percent  decrements 
for  the  same-different  task  were  098%  ana  3  1%  for  physical  and  name  matches 
respectively,  and  were  4  2%  and  6  8%  for  the  memory  task 

The  mam  effect  of  visual  field  was  not  reliable  in  the  same-different  task, 
although  the  means  were  in  the  right  direction  (16%.  vs  2  5%  for  LVF-RH  and  RVF-LH 
trials,  respectively!  Vet  we  can  say  with  some  assurance  that  RVF-LH  trials  were 
more  burdensome  than  LVF-RH  trials  since  the  effect  was  reliable  for  the  memory 
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fil.7)  =  5  38.  MSe  =  100  78.  p  <  06  Wnen  the  left  hemisphere  had  to  perform 
both  the  same-different  task  and  the  memory  task  memory  performance  decreased 
from  its  single-task  level  by  7  1%.  whereas  when  the  right  hemisphere  was  processing 
the  target  task  stimuli  memory  performance  only  decreased  by  39% 

The  effect  of  the  task  emphasis  instructions  was  reliable  for  the  same-different 
task  F 1 1,7)  =  997  MSe  =  24  50  and  approached  reliability  for  the  memory  task. 

F{  1,7/  =  4  46  MSe  =  75  28  p  <  08  which  again  produced  a  reliable  Task  X 
Emphasis  interaction  in  the  combined  analysis  F 1 1  7l  =  184  1,  MSe  =  3133  Most 
importantly  for  our  assumption  of  independence  the  Task  X  Emphasis  X  Visual  Field 
interaction  was  also  quite  reliable  F>  1.7*  =  19  91  MSe  =  15  44  This  interaction  is 
shown  in  Figure  1  In  Figure  2.  the  presence  of  tradeoff  effects  on  RVF-LH  trials 
and  their  absence  on  LVF-RH  trials  can  be  seen  as  a  function  of  the  two  types  of 
same -different  matches 


Insert  Figures  1  and  2  about  here 


Performance  decrements  on  the  memory  task  were  worse  under  target  emphasis 
instructions  than  under  load  emphasis  instructions,  and  this  was  true  on  both  types  of 
visual  field  trials  Thus,  there  was  no  Visual  Field  X  Task  Emphasis  interaction  in  the 
memory  data  In  contrast  the  task  emphasis  instructions  only  influenced  performance 
on  the  same-different  task  when  the  stimuli  were  presented  to  the  RVF-LH;  there  was 
virtually  no  change  in  target  task  performance  as  a  function  of  the  emphasis 
instructions  when  the  stimuli  were  presented  to  the  LVF-RH  This  showed  up  as  a 

reliable  Visual  Field  X  Task  Emphasis  interaction  in  the  analysis  of  the  target  task  data. 
f(  1.7)  =  6  59  MSe  =  68  53 

This  difference  in  target  task  tradeoffs  as  a  function  of  visual  field  was 
obtained  for  the  majority  of  the  subjects  all  but  one  subject  had  more  severe  target 
task  decrements  under  load  emphasis  instructions  than  under  target  emphasis 
instructions  on  RVF  trials  In  contrast,  as  subjects  shifted  their  attention  from  the 
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target  to  the  memory  task  on  LV-  trials,  decrements  from  single-task  target 
performance  were  actually  less  severe  than  they  were  under  target  emphasis 
instructions  for  five  subjects  did  not  change  for  one  subject  and  increased  only 
slightly  for  the  remaining  two 

The  data  shown  m  Figures  l  and  2  indicate  that  as  expected,  mutual  tradeoffs 
in  performance  between  tasks  were  only  obtained  in  the  complete  overlap  case  when 
the  target  task  stimuli  were  presented  to  the  RVF-LH  allocating  resources  to  the 
memory  task  decreased  target  task  performance  and  allocating  resources  to  the  target 
task  decreased  memory  performance  In  contrast  on  LVF-RH  trials  subjects  could 
take  advantage  of  the  fact  that  the  right  hemisphere  was  processing  the  target  task 
stimulus  insofar  as  this  made  more  left  hemisphere  resources  available  for  the 
memory  task  Thus  memory  performance  was  less  severely  decremented  from 
single-task  levels  on  LVf1  trials  than  on  RVC  trials  in  both  task  emphasis  conditions 
However  the  fact  that  fewer  left  hemisphere  supplies  were  available  for  the  target 
task  in  the  load  emphasis  conditions  or  that  more  left  hemisphere  resources  were 
available  in  the  target  emphasis  conditions  did  not  affect  target  task  performance  on 
IVF  trials,  because  the  stimuli  were  being  processed  with  right  hemsiphere 
supplies  {Footnote  2\ 

That  fewer  left  hemisphere  resources  were  available  on  RVF  than  on  LVF 
dual-task  trials  was  also  indicated  by  the  relative  speed  of  response  to  the 
same-different  task  by  the  right  and  left  hands  respectively  of  our  subjects 
Although  we  did  not  measure  reation  times  per  se  because  subjects  were  operating 
under  strictly  accuracy  instructions  we  did  record  which  hand  reached  the  response 
finger  plates  first  on  each  trial  regardless  of  the  correctness  of  the  response 
During  the  single-task  conditions  the  right  hand  responded  first  roughly  half  the  time 
i47  70%  vs  47  66%  for  RVF  and  LVF  tnais  respectively!  which  is  what  one  would 
expect  in  a  situation  that  is  not  resource-limited  During  the  dual-task  trials  however 
when  there  was  a  left  hemisphere  supply  shortage  because  of  the  memory  load 
subjects  were  slower  to  respond  with  their  right  hands  than  with  their  left  on  both 
types  of  visual  field  trials  (the  right  hand  responded  first  only  36  99%  of  the  time  on 
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RVr  trials  and  36  25°<t  of  the  time  on  L Vf-  trials) 

Metaphorically  speaking  the  left  hemisphere  took  primary  responsibility  for  the 
memory  task  tand  of  course  the  right  handi  under  both  task  emphasis  and  visual  field 
conditions  In  following  the  task  emphasis  instructions,  it  could  spend  more  or  less 
of  its  resources  on  the  processes  necessary  to  remember  the  nonsense  words  so 
that  memory  performance  was  always  affected  by  the  emphasis  instructions  Thus, 
when  left  hemisphere  supplies  were  added  or  substracted  from  the  memory  task,  and 
the  target  task  stimulus  happened  tc  be  presented  to  the  RVF,  concommitant 
fluctuations  in  target  task  performance  were  obtained  But  the  relative  availability  of 
left  hemisphere  supplies  as  a  function  of  shifting  emphasis  made  little  difference  to 
target  task  performance  on  LVF  trials,  as  they  were  unable  to  be  used  by  the  right 
hemisphere  when  they  were  present  and  were  not  particularly  missed  when  they  were 
scarce 


GENERAL  DISCUSSION 

In  ouf  previous  study  (Poison.  Friedman  &  Gask ill.  Note  1).  we  found  different 
decrements  from  single-task  performance  for  two  dual-task  situations  in  which  there 
was  either  complete  or  only  partial  overlap  between  tasks  in  the  amount  of  left 
hemisphe'e  resources  demanded  depending  on  the  visual  field  to  which  the  target  task 
stimuli  were  presented  Since  some  of  the  same  type  of  resource  was  demanded  in 
both  cases  we  found  equivalent  tradeoff  effects  between  tasks  as  a  function  of  our 
emphasis  instructions  on  both  types  of  visual  field  trials,  and  though  unlikely,  the 
possibility  remained  that  resources  were  being  shared 

However  in  the  present  study  we  also  obtained  different  decrements  from 
single- task  performance  as  a  function  of  the  visual  field  to  which  the  target  stimulus 
was  presented  but  only  obtained  tradeoffs  in  the  situation  in  which  we  were  assuming 
complete  overlap  w'hen  resources  released  from  one  task  were  entirely  relevant  to 
the  other  In  the  no  overlap  case  wnen  the  right  hemisphere  was  processing  the 
target  stimulus  and  the  left  hemisphere  the  memory  load  words  there  were  no 
changes  m  target  task  pe'formance  as  a  function  of  shifting  emphasis  Thus,  the 
verbal  output  requirement  of  the  naming  task  we  previously  used  led  to  left 


hemisphere  supplies  being  required  on  both  RVF  and  LVF  trials  In  the  absence  of 
such  a  requirement  for  the  same-different  task  we  achieved  a  situation  of  no  overlap 
on  LVF  trials,  and  because  of  this,  there  were  essentially  no  decrements  from 
smgte-task  performance  levels  on  the  same-different  task  Similarly,  the  dual-task 
decrements  were  much  less  severe  for  the  memory  task  on  trials  when  the 
same-different  stimuli  were  presented  to  the  right  hemisphere 

Moreover  although  it  was  possible  to  attribute  the  different  decrements  we 
obtained  in  our  previous  study  to  some  form  of  output  interference,  insofar  as  both 
tasks  required  spoken  responses,  this  is  not  a  plausible  alternative  in  the  present  case 
because  the  response  requirements  for  eacn  task  engaged  different  systems  Thus 
the  simplest  way  to  interpret  the  data  across  both  experiments  is  to  assume  that 
dual-task  performance  was  less  severely  decremented  from  single-task  levels  on  LVF 
trials  because  the  right  hemispheres  resources  could  be  used  for  part  or  all  of  the 
target  task  processing  With  the  naming  tas^  the  right  hemisphere  could  perform  only 
part  of  the  target  task  processing  fie,  some  left  hemisphere  resources  were  needed 
on  LVF  trials  because  of  the  spoken  response  required)  and  performance  could 
therefore  trade  between  tasks  on  both  PVF  and  LVF  trials  In  the  present  study, 
however  the  right  hemisphere  could  perform  all  of  the  target  task  processing  on  LVF 
trials  and  we  did  not  obtain  such  tradeoffs  Thus  in  addition  to  providing  evidence 
for  the  existence  of  at  least  two  resource  supplies  the  present  data  provide  clear 
evidence  for  their  independence 

Together  our  results  would  be  exceedingly  difficult  to  explain  within  any 
single-capacity  model  For  example  within  a  single-capacity  approach  the  absence  of 
decrements  from  single-task  target  accuracy  on  LVF  trials  but  their  presence  on  RVF 
trials  would  have  to  be  interpreted  as  meaning  that  either  o1  performance  was 
data-limited  on  LVF  trials  but  not  RVF  trials  or  else  <b)  processing  the  target  stimulus 
could  occur  automatically  when  it  was  presented  to  the  left  of  a  fixation  point  but 
could  not  do  so  when  presented  to  the  right  Both  of  these  interpretations  seem 
unlikely 

It  is  similarly  difficult  to  explain  differences  in  tradeoffs  between  tasks  as  a 
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function  of  visual  field  from  the  single-capacity  point  of  view  since  from  that 
approach  neither  the  target  task  demands  nor  the  tradeoffs  observed  should  change 
as  a  function  of  presenting  the  identical  stimulus  to  different  sides  of  a  fixation  point 
From  our  point  of  view  however  left  and  right  visual  field  trials  of  the  allegedly 
same  task  should  be  considered  as  two  potentially  different  tasks,  which  may  overlap 
to  a  greater  or  lesser  extent  with  the  hemispheric  resource  requirements  of  any  other 
task  they  are  combined  with  To  tne  extent  that  there  is  some  overlap  in  demand, 
and  to  the  extent  that  performance  on  both  tasks  is  resource-limited,  then  tradeoffs 
between  tasks  can  be  obtained  through  shifts  in  resource  allocation  On  the  other 
hand  when  there  is  no  overlap  in  demand,  making  more  or  less  of  the  wrong  type 
of  resource  available  can  neither  help  nor  hinder  performance 

It  would  also  be  difficult  to  argue  that  the  different  dual-task  decrements  and 
tradeoff  effects  we  observed  arose  because  the  task  combinations  we  used  were  not 
equivalent  in  terms  of  subjects  and  tasx  parameters  That  is  in  the  usual  method  of 
testing  a  multipie-resources  model  against  the  single-capacity  view,  two  different  tasks 
would  be  paired  with  the  same  third  task  and  differences  in  performance  decrements 
and  especially  in  performance  tradeoffs  between  tasks  would  be  sought  However,  it 
remains  difficult  to  equate  tasks  that  actually  are  different  in  terms  of  their  subject 
and  task  parameters  Thus  it  could  still  be  argued  that  any  performance  differences 
observed  across  different  task  combinations  are  due  to  some  factor  idiosyncratic  to 
the  combinations  themselves  having  nothing  whatever  to  do  with  whether  they  produce 
demands  for  different  amounts  of  a  common  supply  In  contrast  when  identical 
stimulus  materials  are  simply  presented  to  different  visual  fields,  and  subjects  are 
required  to  perform  the  same  operations  on  them  differences  in  subjects  ability  to 
trade  performance  between  that  task  and  any  other  as  a  function  of  visual  field  are 
difficult  to  attribute  to  any  cause  other  than  differences  in  resource  demands  In 
summary  then  the  most  plausible  explanation  for  the  present  data  is  that  the  different 
performance  decrements  and  tradeoffs  we  obtained  as  a  function  of  visual  field  means 
that  at  least  two  pools  of  supplies  exist  that  can  be  drawn  on  in  the  processing  of 
any  task  or  combination  of  tasks,  and  they  seem  to  be  under  the  control  of  the  left 
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and  right  hemispheres 

The  reason  it  is  important  to  establish  whether  there  is  just  one  or  else 
several  pools  of  resources  and  if  the  latter  which  of  these  are  required  bv  the 

tasks  at  hand  is  that  the  interpretation  of  certain  patterns  of  results  between  single 

and  dual-task  conditions  becomes  drastically  altered  as  a  function  of  which  assumption 
is  invoked  For  example  many  investigators  use  dual  and  secondary  probe  task 
techniques  to  address  such  issues  as  the  extent  to  which  making  one  task  more 
difficult  reduces  spare  capacity  for  a  second  or  the  extent  to  which  processing  has 
become  automatic  with  extended  practice  (eg  Logan  1979  Posner  &  Snyder  1975' 
This  usually  involves  assessing  dual-task  performance  relative  to  either  a  single-task 
baseline  or  to  performance  in  the  easiest  concurrent-task  situation  Then  if  there  is 
no  decrement  from  single-task  performance  or  if  one  task  is  insensitive  to  the 
increasing  difficulty  of  a  second  or  if  an  initially  obtained  performance  decrement 
disappears  with  practice  the  data  are  taken  to  imply  that  either  one  or  both  tasks 
require  few  or  no  resources 

However  this  interpretation  clearly  rests  on  a  single-capacity  assumption  if  the 
tasks  demand  resources  from  different  pools  it  would  be  erroneous  For  example 

suppose  two  tasks  demanded  different  types  of  supplies  as  was  the  case  on  LVF 

dual -task  trials  in  the  present  study  Then  if  one  task  was  made  increasingly  more 
difficult,  so  that  there  was  an  increasing  supply  shortage  of  the  type  of  resource  it 
needed  and  concomitant  dual-task  performance  decrements  performance  on  the  other 
task  might  be  able  to  be  maintained  at  or  near  baseline  levels  because  this  second 
task  did  not  use  the  type  of  resource  that  was  becoming  scarce  Thus  one  of  the 
implications  of  our  model  is  that  when  investigating  divided  attention  phenomena  the 
hemispheric  resource  requirements  of  the  tasks  that  are  combined  need  to  be  taken 
into  account  before  conclusions  regarding  automaticity  or  spare  capacity  can  be  made 

A  second  implication  of  our  model  for  those  investigators  interested  in  issues 
of  cerebral  specialization  per  se  is  that  simply  observing  differences  in  decrements 
from  single-task  performance  as  a  function  of  the  visual  field  hand  or  ear  to  which 
a  stimulus  is  presented  (eg  Lomas  1979  Smith  Chu  &  Edmonston  1977i  does  not 
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by  itself  imply  which  hemisphere  is  processing  a  particular  task  or  pair  of  tasks 
Further  such  differences  certainly  do  not  imply  anything  about  overall  levels  of 
resources  allocated  as  they  are  often  interpreted  to  do  within  a  selective  activation 
approach  (eg..  Hellige  &  Cox,  1978,  Kinsbourne  &  Cook,  1971).  Rather,  in  order  to 
discover  the  typelsl  of  hemispheric  resources  required  for  performance,  it  is  necessary 
to  determine  the  pattern  of  performance  tradeoffs  between  tasks  that  either  does  or 
does  not  occur  as  the  resource  allocation  of  individual  subjects  is  carefully  manipulated 
through  the  use  of  a  payoff  policy  These  patterns,  combined  with  different 
performance  decrements  measured  from  single-task  controls  can  then  be  used  to 
make  statements  regarding  the  relative  amounts  of  left  and  right  hemisphere  supplies 
demanded  by  any  particular  combination  of  tasks 

We  also  increasingly  believe  that  it  is  necessary  to  screen  subjects  to  ascertain 
their  single-task  lateralization  pattern  for  the  particular  tasks  at  hand,  especially  when 
it  is  being  assumed  that  the  tasks  are  making  demands  for  the  resources  of  primarily 
one  hemisphere,  as  was  the  case  with  the  memory  load  task  we  used  This  is 
because  both  our  screening  procedures  and  our  data  have  made  it  clear  that  a  model 
of  cerebral  specialization  in  which  the  left  hemisphere  is  verbal'  and  the  right  is  mute 
is  far  toe  simplistic  even  for  those  right-handed  individuals  for  whom  this  may  be 
true  under  many  circumstances  in  both  our  previous  study  and  in  the  present  case, 
many  of  our  right-handed  subjects  did  not  have  a  single-task  RVF-LH  superiority  for 
perceiving  the  nonsense  words  we  used  and  the  individuals  who  were  "lateralized1  in 
the  classic  manner  were  clearly  able  to  process  abstract  unfamiliar,  verbal  information 
with  their  right  hemispheres  That  they  could  do  so  was  revealed  by  diverting  left 
hemisphere  resources  to  another  task  entirely 

Finally,  from  a  both  theoretical  and  a  pragmatic  point  of  view,  in  future 
research  that  involves  comparing  single  and  dual-task  performance  it  will  be  useful, 
and  probably  necessary  to  take  into  account  the  resource  demands  of  the  tasks  being 
used  with  respect  to  the  two  hemispheres  of  the  particular  individuals  tested  We 
have  shown  for  example  that  performance  on  a  memory  task  m  which  the  stimuli  are 
nominally  available  to  both  hemispheres  is  differentially  affected  by  the  hemisphere  to 
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which  the  very  same  target  task  stimulus  is  presented  Thus,  there  is  good  reason  to 
suspect  that  even  when  visual  field  techniques  are  not  employed  mutual  interference 
and  tradeoff  effects  will  reflect  the  degree  to  which  the  tasks  overlap  in  their 
demands  for  resources  of  two  different  types  From  the  standpoint  of  cerebral 
economics  dividing  labor  as  much  as  possible  between  the  hemispheres  makes  a  good 
deal  of  sense 
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1  When  subjects  are  not  paid  for  single-task  performance,  it  is  impossible  to 
know'  whether  they  were  allocating  all  available  resources  to  the  task  at  hand  Thus 

it  is  difficult  to  interpret  a  finding  of  no  change  from  single  to  dual-task 
performance  and  it  is  similarly  difficult  to  know  whether  an  increase  in  dual-task 
performance  represents  a  bona  fide  concurrence  benefit  We  nave  previously 
discussed  why  for  example  when  subjects  arent  paid  they  are  likely  to  increase  their 
overall  resource  allocation  m  going  from  a  single  to  dual- task  situation,  and  why  this 
increase  is  likely  to  produce  an  equal  increment  in  the  resources  available  in  both 
hemispheres  (Frieaman  &  Poison  190 1  i 

2  It  should  be  noted  that  the  decrements  from  single-task  performance  on 
RVF  trials  of  the  same-different  task  were  reliably  different  from  zero  for  both 
physical  and  name  matches  when  subjects  were  paying  attention  to  the  memory  task 
the  only  LVF  condition  in  which  the  decrements  from  single-task  target  performance 
were  reliable  was  during  name  matches  when  subjects  were  paying  more  attention  to 
the  target  task  indeed  for  several  of  our  subjects  actual  increases  from  single-task 
target  performance  were  observed  on  LVF  trials  under  memory  task  emphasis 
instructions  If  performance  was  trading  off  between  tasks  the  opposite  result  would 
have  occurred  That  is  had  the  target  and  memory  tasks  been  able  to  trade 
resources  on  LVF  trials  then  target  task  performance  should  have  decreased  under 
load  emphasis  instructions  but  if  did  not 

Of  more  concern  are  the  decrements  from  single-task  memory  performance 
that  were  seen  on  LVF  trials  particularly  when  conjoined  with  name  identity  matches 
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All  of  the  decrements  from  single-task  memory  performance  were  reliable  except 
during  LVF  physical  matches  under  memory  task  emphasis  instructions  Strictly 
speaking,  in  the  no  overlap  case  performance  decrements  can  only  be  attributed  to 
concurrence  costs  While  it  is  not  entirely  clear  what  contributed  to  concurrence 
costs  on  no  overlap  trials  one  possibility  is  the  bimanual  nature  of  the  response  to 
the  same- different  task  That  is  although  the  right  nemisphere  could  process  the 
target  task  stimuli  on  LVF  trials  it  was  still  necessary  to  signal  the  right  hand  how  to 
respond 
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FIGURE  CAPTIONS 

Figure  1  Percent  decrement  scores  for  the  Task  X  Emphasis  X  Visual  Field 

interaction  The  ordinate  is  plotted  with  zero  at  the  top.  so  that  points  that  are 

lower  on  the  figure  represent  greater  decrements  from  single-task  performance 

Figure  2  Percent  decrement  scores  for  the  Task  X  Emphasis  X  Visual  Field 

interaction  plotted  separately  for  physical  and  name  matches  Note  that  the  only 

tradeoffs  in  performance  between  tasks  as  a  function  of  emphasis  instructions  occur 
when  the  target  task  stimulus  is  presented  to  the  right  visual  field 
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Office  of  Chief  of  Naval  Operations 
OP-987H 

Washington,  DC  20350 

1  Dr.  Alfred  F.  Smode 

Training  Analysis  &  Evaluation  Group 
(TAEG) 

Dept,  of  the  Navy 
Orlando,  FL  32813 

1  W.  Gary  Thomson 

Naval  Ocean  Systems  Center 
Code  7132 

San  Diego,  CA  92152 

1  Roger  Weissinger-Baylon 

Department  of  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  CA  93940 
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Navy 


Army 


1  Dr.  Ronald  Weitzman 
Code  54  WZ 

Department  of  Administrative  Sciences 
U.  S.  Naval  Postgraduate  School 
Monterey,  CA  93940 

1  Dr.  Robert  Wisher 
Code  309 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  DR.  MARTIN  F.  WISKOFF 

NAVY  PERSONNEL  R4  D  CENTER 
SAN  DIEGO.  CA  92152 

1  Mr  John  H.  Wolfe 
Code  P310 

U.  S.  Navy  Personnel  Research  and 
Development  Center 
San  Diego,  CA  92152 


1  Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Beatrice  J.  Farr 

U.  S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Dexter  Fletcher 

U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria, VA  22333 

1  Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

1  Dr.  Milton  S.  Katz 

Training  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Harold  F.  O'Neil,  Jr. 

Attn:  PERI-OK 
Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr  .  Robert  Sasmor 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr  .  Joseph  Ward 

U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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Air  Force 


1  Air  University  Library 
AUL/LSE  76/443 
Maxwell  AFB,  AL  36112 

1  Dr.  Earl  A.  Alluisi 
HO,  AFHRL  ( AFSC) 

Brooks  AFB,  TX  78235 

1  Dr.  Genevieve  Haddad 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Bolling  AFB,  DC  20332 

1  Dr.  Ronald  G.  Hughes 
AFHRL/ OTR 

Williams  AFB,  AZ  85224 

1  Dr.  Malcolm  Ree 
AFHRL/MP 

Brooks  AFB,  TX  78235 
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Marines 


1  H.  William  Greenup 

Education  Advisor  (E03D 
Education  Center ,  MCDEC 
Quantico,  VA  22134 

1  Headquarters,  U.  S.  Marine  Corps 
Code  MPI-20 
Washington,  DC  20380 

1  Special  Assistant  for  Marine 
Corps  Matters 
Code  100M 

Office  of  Naval  Research 
800  N.  Quincy  St. 

Arlington,  VA  22217 

1  DR.  A.L.  SLAFK0SKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1 ) 
HQ,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 


2 


3700  TCHTW/TTGH  Stop  32 
Sheppard  AFB,  TX  76311 
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CoastGuard 


Other  DoD 


1  Chief,  Psychological  Reserch  Branch 
U.  S.  Coast  Guard  (G-P-1/2/TP 42) 
Washington,  DC  20593 

1  Mr.  Thomas  A.  Warm 

U.  S.  Coast  Guard  Institute 
P.  0.  Substation  18 
Oklahoma  City,  OK  73169 


12  Defense  Technical  Information  Center 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 
Attn:  TC 

1  Military  Assistant  for  Training  and 
Personnel  Technology 
Office  of  the  Under  Secretary  of  Defense 
for  Research  &  Engineering 
Room  3D  129,  The  Pentagon 
Washington,  DC  20301 

1  DARPA 

1400  Wilson  Blvd. 

Arlington,  VA  22209 


friedman/ alberta 


June  26,  1981 


Page  6 


Civil  Govt 


1  Dr,  Susan  Chipman 

Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  William  J.  McLaurin 
66610  Howie  Court 
Camp  Springs,  MD  20031 

1  Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Joseph  Psotka 

National  Institute  of  Education 
1200  19th  St.  NW 
Washington , DC  20208 

1  Dr.  H.  Wallace  Sinaiko 
Program  Director 

Manpower  Researcr  and  Advisory  Services 
Smithsonian  Institution 
801  North  Pitt  Street 
Alexandria,  VA  22319 

1  Dr.  Frank  Withrow 

U.  S.  Office  of  Education 
400  Maryland  Ave.  SW 
Washington,  DC  20202 

1  Dr.  Joseph  L.  Young,  Director 
Memory  4  Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 


Non  Govt 


1  Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr .  John  Annett 

Department  of  Psychology 
University  of  Warwick 
Coventry  CV4  7AL 
ENGLAND 

1  1  psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Jackson  Beatty 

Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 

1  CDR  Robert  J.  Biersner 
Program  Manager 
Human  Performance 
Navy  Medical  R&D  Command 
Be the sd a,  MD  20014 

1  Liaison  Scientists 

Office  of  Naval  Research, 

Branch  Office  ,  London 
Box  39  FP0  New  York  09510 

1  Col  Ray  Bowles 
800  N.  Quincy  St. 

Room  804 

Arlington,  VA  22217 

1  Dr.  Robert  Brennan 

American  College  Testing  Programs 

P.  0.  Box  168 

Iowa  City,  IA  52240 

1  Dr.  Bruce  Buchanan 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 
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1  DR.  C.  VICTOR  BUNDERSON 
WICAT  INC. 

UNIVERSITY  PLAZA.  SUITE  10 
1160  SO.  STATE  ST. 

OREM,  UT  8*1057 

1  Dr.  Pat  Carpenter 

Department  of  Psychology 
Carnegie-Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

1  Charles  Myers  Library 
Livingstone  House 
Livingstone  Road 
Stratford 
London  E15  2LJ 
ENGLAND 

1  Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Kenneth  E.  Clark 

College  of  Arts  A  Sciences 
University  of  Rochester 
River  Campus  Station 
Rochester,  NY  14627 
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Non  Govt 


1  Dr.  Meredith  P.  Crawford 

American  Psychological  Association 
1200  17th  Street,  N.W. 

Washington,  DC  20036 

1  Dr .  Ronna  Dillon 

Department  of  Guidance  and  Educational  P 
Southern  Illinois  University 
Carbondale,  IL  62901 

1  Dr .  Qnmanuel  Donchin 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  Dr.  Hubert  Dreyfus 

Department  of  Philosophy 
University  of  California 
Berkely,  CA  94720 

1  LCOL  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEARC 
NATIONAL  DEFENCE  HO 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 

1  EH  acil ity-Aequi3itions 
483;>  Rugby  Avenue 
Bethesda ,  MD  20014 

1  Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.0.  Box  168 

Iowa  City,  IA  52240 


1  Dr.  Norman  Cliff 
Dept,  of  Psychology 
Univ.  of  So.  California 
University  Park 
Los  Angeles,  CA  90007 


Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 

Suite  900 

4330  East  West  Highway 
Washington,  DC  20014 


1  Dr.  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 


1  Dr.  John  R.  Frederiksen 
Bolt  Beranek  &  Newman 
50  Moulton  Street 
Cambridge,  MA  02138 
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Non  Govt 


Non  Govt 


1  Dr.  R.  Edward  Geiselman 
Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

"  Dr.  Marvin  D.  Glock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  14853 


1  Dr  .  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1  Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

1  Dr.  Kenneth  A.  Klivington 
Program  Officer 
Alfred  P.  Sloan  Foundation 
630  Fifth  Avenue 
New  York,  NY  10111 


1  Dr.  Daniel  Gopher 

Industrial  A  Management  Engineering 
Technion-Israel  Institute  of  Technology 
Haifa 
ISRAEL 


Dr.  Stephen  Kosslyn 
Harvard  University 
Department  of  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02138 


1  DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O’HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Harold  Hawkins 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 

1  Dr.  James  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1  Glenda  Greenwald,  Ed. 

"Human  Intelligence  Newsletter" 
P.  0.  Box  1163 
Birmingham,  MI  48012 

1  Library 

HumRRO/Western  Division 
27857  Berwick  Drive 
Carmel,  CA  93921 


1  Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  90274 

1  Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr .  Alan  Lesgold 
Learning  R&D  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Charles  Lewis 

Faculteit  Sociale  Wetenschappen 
Ri jksuniversiteit  Groningen 
Oude  Boteringestraat  23 
9712GC  Groningen 
Netherlands 

1  Dr .  James  Lumsden 

Department  of  Psychology 
University  of  Western  Australia 
Nedlands  W.A.  6009 
AUSTRALIA 
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Non  Govt 


1  Mr.  Merl  Malehorn 
Dept,  of  Navy 
Chief  of  Naval  Operations 
OP-113 

Washington,  DC  20350 

1  Dr.  Erik  McWilliams 

Science  Education  Dev.  and  Research 
National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Mark  Miller 

TI  Computer  Science  Lab 
C/0  2829  Winterplace  Circle 
Plano,  TX  75075 

1  Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
18*45  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr.  Donald  A  Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Melvin  R.  Novick 

356  Lindquist  Center  for  Measurment 
University  of  Iowa 
Iowa  City,  IA  522*42 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
400  Army  Navy  Drive 
Arlington,  VA  22202 

1  Dr.  Seymour  A.  Papert 

Massachusetts  Inst itute  of  Technology 
Artificial  Intelligence  Lab 
545  Technology  Square 
Cambridge,  MA  02139 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Bo*  751 
Portland,  OR  97207 


Non  Govt 


1  Dr.  James  W.  Pellegrino 
University  of  California, 

Santa  Barbara 
Dept,  of  Psychology 
Santa  Barabara,  CA  93106 

1  MR.  LUIGI  PETRULLO 

2431  N.  EDGEW00D  STREET 
ARLINGTON,  VA  22207 

1  Dr .  Steven  E.  Poltrock 
Department  of  Psychology 
University  of  Denver 
Denver, CO  80208 

1  Dr.  Mike  Posner 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 

1  DR.  DIANE  M.  RAMSEY-KLEE 

R-K  RESEARCH  A  SYSTEM  DESIGN 
3947  RIDGEMONT  DRIVE 
MALIBU.  CA  90265 

1  MINRAT  M.  L.  RAUCH 
P  II  4 

BUNDESMINISTERIUM  DER  VERTEIDIGUNG 

POSTFACH  1328 

D-53  BONN  1,  GERMANY 

1  Dr.  Fred  Re  if 
SESAME 

c/o  Physics  Department 
University  of  California 
Berkely,  CA  94720 

1  Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974 
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1  DR.  WALTER  SCHNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 

1  Dr.  Alan  Schoenfeld 

Department  of  Mathematics 
Hamilton  College 
Clinton,  NY  13323 

1  Committee  on  Cognitive  Research 
t  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
New  York,  NY  10016 

1  Dr.  Edward  E.  Smith 

Bolt  Beranek  A  Newman,  Inc. 

50  Moulton  Street 
Cambridge,  MA  02138 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  9*1305 

1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11  A,  Yale  Station 
New  Haven,  CT  06520 

1  Dr.  Thomas  G.  Sticht 

Director,  Basic  Skills  Division 
HUMRR0 

300  N.  Washington  Street 
Alexandria  ,VA  2231*4 

1  David  E.  Stone,  Ph.D. 

Hazeltine  Corporation 
7680  Old  Springhouse  Road 
McLean,  VA  22102 

1  DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD,  CA  94305 


1  Dr.  David  Thissen 

Department  of  Psychology 
University  of  Kansas 
Lawrence,  KS  660*1*1 

1  Dr.  Douglas  Towne 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
1845  S.  Elena  Ave. 

Redondo  Beach,  CA  90277 

1  Dr.  J.  Uhlaner 

Perceptronics ,  Inc. 

6271  Variel  Avenue 
Woodland  Hills,  CA  91364 

1  Dr.  William  R.  Uttal 
University  of  Michigan 
Institute  for  Social  Research 
Ann  Arbor.  MI  48106 

1  Dr.  Howard  Wainer 

Division  of  Psychological  Studies 
Educational  Testing  Service 
Princeton,  NJ  08540 

1  Dr.  Phyllis  Weaver 

Graduate  School  of  Education 
Harvard  University 
200  Larsen  Hall,  Appian  Way 
Cambridge,  MA  02138 

1  Dr.  Keith  T.  Wescourt 

Information  Sciences  Dept. 

The  Rand  Corporation 
1700  Main  St. 

Santa  Monica,  CA  90406 

1  DR.  SUSAN  E.  WHITELY 
PSYCHOLOGY  DEPARTMENT 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KANSAS  66044 

1  Dr.  Christopher  Wickens 
Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 
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1  Dr.  J.  Arthur  Woodward 
Department  of  Psychology 
University  of  California 
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